The Mesembryanthemaceae, which inhabit the deserts and semi-deserts of Southern Africa, exhibit two very different types of epidermis. The first is characterized by thick outer cell walls encrusted by oxalate crystals, a thick cuticle and thick wax layers. In the second type, the epidermal cells exhibit only very thin outer cell walls, not encrusted by oxalate crystals, a very thin cuticle, and wax layers are poorly developed; the most prominent feature of this type is the occurrence of huge idioblasts often protruding as 'bladder cells'. With regard to the climatic conditions in the native habitats this type of epidermis must be called 'abnormal'.
INTRODUCTION
The surface of a plant is the place where direct interactions between the plant body and the environment occur, and therefore plays an impor tant role in the life strategies of land plants, especially with those plants that live under extreme climatic conditions. Consequently, features of the epidermis form an important part of character syndromes of plants such as xerophytes, e.g. the Mesembryanthemaceae, a well-known family of leaf succulent plants that inhabit the arid parts, deserts and semi-deserts, of Southern Africa. EPIDERMAL STRUCTURE Notwithstanding the fact that they all live in similar dry habitats, the Mesembryanthemaceae exhibit an enormous variety of epidermis types. Two distinct and quite different basic types of epidermis can be distinguished:
*Institut fur Allgemeine Botanik, Universitát Hamburg, Ohnhorststr. 18, D-2000 Hamburg 52, West Germany. 1. One type in which all 'ordinary' epidermal cells (except guard cells and subsidiary cells) are of nearly the same size. This type will be referred to as the 'xeromorphic type of epidermis' (Ihlenfeldt & Hartmann, 1982) , as it exhibits clearly those characters assumed to be typical for the epidermis of a xerophyte ( Fig. 1) : reduced cell lumenae, caused by thick secondary wall layers, especially of the outer cell wall; encrustation by oxalate crystals; a cutinized wall layer and a cuticle proper of considerable thickness, and a wax layer covering the cuticle. Usually the stomata are sunken. Sunken stomata are thought to decrease residual stomatal transpiration by forming antestomatal chambers (Lyshede, 1979) .
2. Another type which is characterized by the occurrence of much enlarged epidermal cells (idioblasts) among the 'ordinary' epidermal cells in a more or less distinct pattern (Fig. 2) . These idioblasts normally protrude above the level of the 'ordinary' epidermal cells and have been called 'papillae' (Hagen, 1873; Oberstein, 1910) or 'bladder cells' (Óztig, 1940) . This type of epidermis will be called the 'idioblast type of epidermis', a term derived from the most prominent feature of this type. The 'classical' xeromorphic features are not, or are very poorly, developed in this type. The outer cell wall of the epidermal cells remains thin, oxalate crystals are absent, a cutinized layer is not discernible and the cuticle is very thin (0,5 |im or less); wax is only poorly developed. This, however, does not apply to the idioblasts: in general their outer cell wall is 2-5 times thicker than that of the adjacent 'ordinary' epidermal cells, and a striking feature is that this outer cell wall is unevenly thickened, the greatest thickening found at the top of the idioblast. This special feature enables the idioblasts to change their shape to a certain degree: at times of water stress the idioblasts become flatter, their diameter increases. Consequently, if the idioblasts are of the protruding bladder type and densely crowded, the gaps between the idioblasts can become notably narrower; thus the narrow channels leading down to the stomata can be partially closed. The idioblasts exhibit further aberrant features: the outer cell wall can be encrusted by some oxalate crystals (observed by óztig, 1940) . The thin layer of cytoplasm has a foam-like appearance and contains chloroplasts and numerous mitochondria (Kramer, 1979) , and in addition, some starch grains. Another notable feature is the occurrence of a certain number of pit-like cavities in the outer cell wall; these are concentrated in a zone just above the level of the 'ordinary' epidermal cells. Furthermore, the orientation of the apertures of the stomata is remarkable: the apertures are nearly always parallel to the outline of the adjacent idioblasts. Finally, in this type of epidermis, in contrast to the xeromor phic type, the stomata are never sunken.
The great variety of epidermal types described in the literature for the Mesembryanthemaceae can be shown to be a combination of one of the two basic structural types of epidermis with different size classes of sculptures; the latter can be of different origin, i.e. they are not necessarily homologous.
The surface sculptures can be classified into three distinct size classes:
I. Surface sculptures of 0,15-1 mm and more in diameter, visible with the naked eye (Fig. 3.1 -3.4) .
II. Surface sculptures of 20-50 urn in diameter and 20-150 |im in length, being protuberances of epidermal cells (Fig. 4 .5-4.6).
III. Surface sculptures of 1-10 fim in size, consisting of the wax cover ( Fig. 3 .5-3.6).
In the idioblast type of epidermis, sculptures of size class I are formed by the idioblasts reaching more than 2 mm in diameter in some extreme cases ( 
ECOLOGICAL SIGNIFICANCE OF THE EPIDERMAL STRUCTURES
Obviously the complicated epidermal structures described are of ecological significance. This can be inferred from the fact that a relatively large amount of material produced by photosynthesis (strongly inhibited by the deficiency of water, which is the 'normal' condition in the native habitats), is invested in these structures. The ecological significance of the sculptures can furthermore be deduced from the fact that analogous structures occur in different groups of the family, all living in similar habitats.
As far as the xeromorphic type of epidermis is concerned, this concept is consistent with the 'classical' views on ecological significance of the so-called xeromorphic features of an epidermis. The idioblast type of epidermis, however, according to current views, must be called aberrant if one takes into account, that representatives of both types of epidermis can occur sympatrically in the same extreme habitat (e.g. Oophytum N.E.Br., idioblast type of epidermis, and Argyroderma N.E.Br., xeromorphic type. Ihlenfeldt & Hartmann 1982) . Furthermore, the remarkable tendency towards an enormous enlargement of the surface of living epidermal cells by various types of protuberances is poorly understood, since xerophytes are thought to display a tendency towards reducing their surface in order to decrease w^ter loss by cuticular transpira tion.
At present we are far from a thorough understanding of the functioning of the two basic types of epidermis and of the ecological significance of certain features, especially of the sculptures. The following remarks are only tentative and more or less hypothetical; they are made to indicate possible directions of future research.
Ecophysiological investigations (Von Willert et al., 1980) have revealed that the two different basic types of epidermis apparently are the anatomical expression of two different life strategies or survival strategies under very extreme conditions. The one group (species with an epidermis of the idioblast type) may be called the 'opportunists', the other group (species with an epidermis of the xeromorphic type) the 'savers'. The 'opportunists' have a comparatively high water turnover (relying on their ability of compensating losses during the night, see below) with the advantage of a higher output from photosynthesis (which makes possible a high growth rate) on the one hand and on the other hand with the risk of death under abnormal drought conditions, when the mechanism for extracting water from the atmosphere no longer works. The 'savers' minimize their water losses under all (even under favourable) conditions; under extreme conditions, such as prolonged periods of drought, they successfully rely on their water reserves, stored in the centre of their leaves, and on the high degree of protection against water loss by the xeromorphic type of epidermis. The first group can take advantage of periods with rainfall above average and survives in periods of prolonged drought only by seeds; the second group is more successful in surviving in the form of adult individuals in periods with rainfall below average. This could cause drastic oscillations in the composi tion of a given plant community formed by species with both types of epidermis (and both types of life strategies). Yet, considered over a long period, the frequencies of species with different life strategies and the total amount of biomass represented by the two groups, should remain unchanged, since statistically, favourable and unfavourable periods will follow each other.
How the method of gaining water, well developed in the group with an epidermis of the idioblast type, functions, is still being examined. There are indications, that the idioblasts are involved. The ability of the idioblasts to change their shape according to water supply of the plant, has already been mentioned; in this connection, one should remember that the apertures of the stomata are nearly always parallel to the outline of the adjacent idioblasts. It might be that by changing their shape the idioblasts directly induce the opening and closing of the stomata (Von Willert, pers. comm.), i.e. that the idioblasts act as regulators of the stomata proper ('super-stomata'). Furthermore, in this connection, it appears significant that the idioblasts contain numerous mitochondria and chloroplasts, which indicates high physiological activity, at least at certain times. Notwithstanding the fact that water stored in the idioblasts can be withdrawn to compensate for extreme losses of water elsewhere in the plant, the view that the idioblasts serve an external water storage function, first expressed by Volkens (1887) and again, slightly modified and stressed by Steudle et al. (1975) , certainly is too simple.
The two basic types of epidermis also exhibit differences in their optical properties affecting radiation balance. In the range of wave lengths from 400-1 300 nm (i.e. all relevant wave lengths, see Eller, 1979 ) the idioblast type of epidermis has a low rate of reflection and a high rate of transmission. In contrast, the xeromorphic type of epidermis exhibits a high rate of reflection (probably caused by the oxalate crystals in the outer cell wall of the epidermis) and a relatively low rate of transmission (apparently due to the fact that the leaves are isolateral; light once having passed the epidermis, is reflected at the same high rate by the epidermis of the opposite side, i.e. it is 'trapped'). It should be stressed that the rate of absorption (and transmis sion) is in the first place determined by the diameter of tissue passed by the radiation. Therefore, the two examples given in Fig. 6 represent plants with comparable diameters of leaf; the rate of absorption is nearly equal in both species (unpublished data by Eller).
The role of the complicated sculptures is still poorly understood. Sculptures of size class III, formed by the wax cover, can influence the radiation balance as has been demonstrated in succulent plants of other families (Eller, 1979) ; the same may be true for the Mesembryanthemaceae. Sculptures of size class I and II may influence energy (heat) exchange between the leaf surface and the surrounding air. Barthlott & Wollenweber (1981) have advanced the hypothesis that sculptures of these dimensions enhance turbulence on the leaf surfaces, thus reducing the heat stress of the leaves during day time. However, these sculptures may have quite a different function during the night. The water uptake from the atmosphere during the night, well developed in species with the idioblast type of epidermis, is probably triggered or enhanced by a For details compare text. (By courtesy of Dr B. Eller, unpublished data; for technical details see Eller, 1979.) cooling down of the leaf surface to below the temperature of the surrounding air. This, obviously, is an effect of radiation, since this phenomenon can only be observed if the sky is cloudless (space acting as an energy sink). The cooling down leads to a considerable increase of relative humidity next to the surface of the leaf. Calculations (see Von Willert et al., 1980) revealed that under favourable conditions of temperature (below 15°C) and of relative air humidity (above 80%), a positive vapour gradient is established from outside the leaf to inside. These conditions occur often during night time in the native habitats, especially during the winter season. As soon as the gradient has been formed, plants with the idioblast type of epidermis very suddenly open their stomata (possibly directed by or through influence of the idioblasts, see above). As a consequence, malate formation starts and apparently the uptake of water, too. It may be suggested that the complicated sculptures of size class I and II influence temperature balance by suppressing or inhibiting microconvection on the leaf surface that should equalize differences in temperature between leaf surface and surrounding air. This presumption is supported by the observa tion that differences in temperature can only be measured as long as the weather is calm (Von Willert et a l, 1980) , which, in contrast to day time, is the usual condition during the night in the native habitats.
